Introduction
There has been growing concern about the adverse health consequences of exposure to environmental agents in children. At least in some instances, such effects tend to be more pronounced in youths than in adults [1] . Even though children and adolescents may present with a better ability to recover, when the exposure to the toxic agent is prolonged or exceeds the threshold of tolerability it may result in adverse effects that are more severe than those taking place in adulthood [1] . Accordingly, psychotropic drugs may exert specific adverse effects according to age, and children and adolescents may display a greater likelihood of treatment-emergent adverse events [2] . Adverse events primarily include altered growth velocity, rash, dystonia, tics, affect lability, activation, metabolic blood test abnormalities, sedation, sialorrhea, and electrocardiogram irregularities [3] . Variations in terms of treatment response may be ascribed to the incomplete development of the central nervous system [4] . In particular, a major role has been attributed to the immature adrenergic system in characterizing response to psychotropic drugs in children and young adolescents [4] . Unfortunately, there is little consensus as to the assessment of adverse events in children and adolescents. A review of 196 psychopharmacology articles published between 1980 and 2000 in the pediatric field showed that assessment methods aimed to detect adverse reactions were heterogeneous across studies [5] . An issue that requires further clarification is whether adverse events do always subside upon discontinuation of the drug or may persist, conferring a specific vulnerability and affecting the response to subsequent treatments.
The Concept of Iatrogenic Comorbidity

Behavioral Toxicity of Psychotropic Drugs
In 1968, Di Mascio and Shader introduced the concept of behavioral toxicity of psychotropic drugs. Such a concept referred to the pharmacologic actions of a drug that, within the dose range in which it has been found to possess clinical utility, may produce alterations in mood, perceptual, cognitive, and psychomotor functions, that limit the capacity of the individual or constitute a hazard to his/her well-being [6] [7] [8] . Examples from the use of benzodiazepines and antidepressant drugs in adults were increased anxiety, depression, and rage, as well as euphoria [6] [7] [8] .
The authors noted that a drug effect such as sedation or motor stimulation may be considered adverse for one patient, and yet therapeutic and desired for another patient; within the same patient it may be of value at one stage of his/her illness and adverse at a later stage. Their formulation received, however, scanty attention in the literature. In 1980, Perl et al. [9] reviewed the concept of behavioral toxicity discussing the mechanisms by which psychotropic drugs can induce adverse reactions. They illustrated that psychotropic drugs can cause behavioral toxicity through the extension of their primary therapeutic action and/or the onset of secondary actions as well as withdrawal, dependence, and tolerance symptoms [9] . Behavioral toxicity may be characterized by oversedation, depression, dystonia, and akathisia with antipsychotic agents; impaired psychomotor and cognitive function, sedation, disinhibition, and confusional states with benzodiazepines; fatigue, somnolence, restlessness, and agitation with antidepressant drugs; and cognitive impairments with lithium [9] . All psychotropic drugs were found to display withdrawal reactions and, in rare cases, paradoxical effects with a particular incidence in older adults and children [9] . A few years later, Van Putten and Marder [10] described akinesia within the behavioral toxicity of antipsychotic drugs.
More recently, Zito et al. [11] underscored that the manifestations of behavioral toxicity have been extensively described with pharmacologic therapies in any medical condition. Yet, they still represent a major challenge in psychiatry, not only because there are major difficulties in distinguishing symptoms of the disease and those induced by treatment, but also because information available in clinical trials are scant and inadequate [11] .
Iatrogenic Comorbidity
The concept of behavioral toxicity does not provide differentiation between adverse events that are limited to the period of psychotropic drug administration and effects that may persist long after their discontinuation [12, 13] . These latter phenomena led to the introduction of the concept of iatrogenic comorbidity in adult psychiatry [12, 13] . Any type of psychotropic drug treatment, particularly after longterm use, may increase the risk of experiencing additional psychopathologic problems (that do not necessarily subside with discontinuation of the drug) or of modifying responsiveness to subsequent treatments [12, 13] . Examples that are concerned with the use of antidepressant drugs include switching to a bipolar course in patients with unipolar depression, persistent post-withdrawal symptoms after discontinuation of a selective serotonin reuptake inhibitor (SSRI), and resistance to a drug that was previously effective [14] . Negative effects may occur also as a result of psychotherapeutic treatment, whether because of techniques, patient or therapist variables, or inappropriate use [15] . These events that affect both pharmacotherapy and psychotherapy cannot be subsumed under the traditional rubric of adverse effects, but constitute iatrogenic adverse events that require a careful evaluation. Alvan Feinstein's classic definition of comorbidity as ''any distinct additional clinical entity that has existed or that may occur during the clinical course of a patient who has the index disease under study'' referred also to antecedent pathologic events that were judged to affect the current disease process [16] . The cross-sectional nature of the classification systems in psychiatry has limited the use of the term ''comorbidity'' to what a patient may be currently experiencing. The term ''iatrogenic comorbidity'' refers to unfavorable modifications in the course, characteristics, and responsiveness of an illness that may be related to treatments administered previously. Such potential connection should be kept in mind when selecting a new therapeutic approach.
Iatrogenic Comorbidity in Pediatric Patients Treated with Antidepressant Drugs
Iatrogenic comorbidity may have particular relevance to children and adolescents. We will focus on antidepressant drugs, but similar considerations may apply to other areas of psychopharmacology.
Use of Antidepressant Drugs in Children and Adolescents
Even though the use of antidepressant drugs has been advocated in children and adolescents with a number of psychiatric conditions (major depressive disorder, obsessive-compulsive illness, generalized anxiety, and social phobia), the efficacy of antidepressant drugs in the pediatric age is rather controversial. As Leckman [17] emphasized, meta-analyses conducted in pediatric patients treated with SSRIs for depressive or anxiety disorders disclosed very unsatisfactory results. In particular, during SSRI trials, children below 12 years of age with depressive disorders did not differ in response rates from placebo controls, and pediatric patients with anxiety disorders tended to present residual symptoms after reporting an initial improvement. Bridge et al. [18] conducted a meta-analysis of pediatric trials to assess the balance between clinical benefits and suicide risk in relation to use of antidepressants for major depressive disorders and anxiety disturbances. Antidepressant medications showed greater efficacy over placebo, but also an increased risk of suicidal ideations and suicide attempts across all trials and indications. Whittington and colleagues [19] , analyzing data from published and unpublished randomized controlled trials, evaluated the effects of SSRIs versus placebo in children and adolescents. They reported that while published data suggested a favorable risk-benefit profile for some SSRIs, once unpublished data were added, the risks would outweigh the benefits of these drugs in the treatment of depression [19] .
Manifestations of Iatrogenic Comorbidity Induced by Antidepressant Drugs
In young patients, antidepressant drugs have been found to induce excessive mood elevation. Symptoms of behavioral activation include irritability, hyperactivity, and sleep problems (insomnia), which often do not subside when drugs are discontinued and may induce the development of a bipolar disorder [20] . A systematic review and metaanalysis of children and adolescent patients disclosed that rates of excessive arousal-activation during treatment with antidepressants were very high both in anxiety (13.8 %) and depression (9.8 %), compared with placebos (5.2 and 1.1 %, respectively) [20] . Furthermore, during treatment with antidepressant drugs, the incidence of manic or hypomanic manifestations was much higher than that in comparable reports involving anxious adults and similar to that found among depressed adults [20] . Martin and colleagues investigated the risk of manic conversion among more than 87,000 mental health users aged between 5 and 29 years [21] . Results showed that overall the prevalence rate of conversion was 5.4 % (N = 4,748) . Conversion was found to be threefold more likely in individuals using antidepressants than in those not taking psychotropic medications. These data should be interpreted with caution and need appropriate replication, but may constitute an alarming example of iatrogenic comorbidity in children and adolescents. The child or adolescent may be more liable to develop behavioral activation when subsequent treatments are applied, particularly of a pharmacologic nature, or if he/she seeks the use of stimulants for recreational purposes. The short-term benefits of a treatment should thus be balanced against the potential long-term consequences that cannot be foreseen.
A meta-analysis from the Cochrane Database comparing antidepressant drugs, psychological therapies, and their combination (pharmacotherapy and psychotherapy) in children and adolescents with depression and/or anxiety reported that there was no evidence of superiority of medications over psychological therapy in the longer term [22] . Combination therapy was also not superior to psychological treatment alone. The authors concluded that in the acute phase of the disease, medication exerts a faster response than either placebo or psychological therapies. However, such superiority is not maintained in the long term [22] .
Risk, Responsiveness, and Vulnerability Associated with Use of Antidepressant Drugs in Children and Adolescents
Clinical decisions concerned with the application of knowledge to the individual patient need to be placed in the framework of risk (the likelihood of poor outcomes from an index disorder if therapy is withheld), responsiveness to the treatment option, and vulnerability to the adverse effects of treatment, including those that are subsumed under the rubric of iatrogenic comorbidity [23] . Two clinical cases may illustrate the complexity of events with the use of antidepressant drugs in children and adolescents and the importance of clinical judgment [24] .
Case 1
Ann was a 14-year-old girl who developed a school phobia at the beginning of high school. Her parents brought Ann to a child psychiatrist who prescribed citalopram (20 mg per day). After 1 month, she was still refusing to go back to school and the psychiatrist added alprazolam (0.25 mg twice a day). As one would have expected from the available literature [2] , there was no response to this drug combination. Ann's parents thus decided to consult another psychiatrist, who immediately referred her to cognitive behavioral therapy by an experienced psychologist. This psychiatrist, fearing withdrawal problems with both drugs, did not stop the medications, postponing drug tapering and discontinuation to the end of the school year. After the first session of psychotherapy, Ann was back to school, and with a weekly session over 3 months she was able to complete the school year. The psychiatrist then tapered and discontinued alprazolam first, and citalopram later. In both cases, withdrawal symptoms emerged (including suicidal ideation for about 6 weeks after citalopram discontinuation), despite the ongoing psychotherapy. Ann has now completed her second year of high school. She is well and drug free.
Case 2
Thomas was a 15-year-old boy who moved with his family from a northern European country to Italy for a year. What had to be a pleasant change for all the family (and indeed was for his parents and his older sister) became a nightmare for him. Thomas, who experienced social fears and inhibition in his own country, became severely depressed and suicidal. He was evaluated by a psychiatrist in Italy who referred him for cognitive behavior therapy and did not prescribe any medication. However, the treating psychologist after a few sessions detected a worsening of suicidal ideations and impulsivity and asked the psychiatrist to reassess him again. This time, imipramine 25 mg at bedtime was prescribed. In 2 weeks, his mood stabilized and his reactivity to environmental stimuli considerably improved. Thomas started collaborating with homework assignments and completely remitted in 4 months. Imipramine was then discontinued without any problems.
Risk, Responsiveness, and Vulnerability
The first case highlights how the use of antidepressant drugs is inappropriate in most cases of anxiety disorder if a psychotherapeutic alternative is available. Because relapse of anxiety is the rule after stopping the medication, antidepressant drugs cannot provide a permanent solution to the clinical problem. Further, in a recent systematic review, no consistent evidence emerged supporting the advantage of using antidepressant drugs over benzodiazepines in treating anxiety disorders in adults [25] . Indeed, benzodiazepines showed fewer treatment drop-outs and adverse events than antidepressant drugs in panic disorder with and without agoraphobia [26] . A major drive over time in the shift from benzodiazepines to antidepressants in anxiety disorders was the well-known risk of dependence with benzodiazepines [26, 27] . However, in due course after their introduction, similar, if not more pronounced, problems occurred with most of the newer antidepressants [14] . Indeed, withdrawal reactions and post-withdrawal syndromes may ensue, despite slow tapering, with both types of drugs [14] . This was found to occur in the case of Ann. Treatment with citalopram was not beneficial and caused iatrogenic comorbidity (vulnerability to mood changes during the withdrawal phase). The case of Thomas outlines how in major depressive disorders the decision should be guided by clinical judgment. Imipramine was used only when the patient was found to be refractory to cognitive behavior therapy and for the shortest time possible. In this clinical situation, it was probably life saving and did not involve any iatrogenic comorbidity later on.
Conclusion
There are several crucial questions for psychopharmacology research in pediatrics. Combination treatment (pharmacotherapy and psychotherapy) is frequently advocated in mood and anxiety disorders of children and adolescents for a faster response. Would a short term advantage justify the risk of long-lasting iatrogenic comorbidity? Additionally, what about treatment of anxiety disorders by antidepressant drugs? If we treat an adolescent with panic disorder with a SSRI and panic attacks wane, how long should drug administration be maintained? Will treatment be still effective 1 year later? How much is it going to cost in terms of iatrogenic comorbidity? How does this intervention compare with a psychotherapeutic approach (particularly cognitive behavior therapy)?
Sensitive methods should be developed for monitoring not only untoward events during the trial, but also potential iatrogenic comorbidity after the trial has terminated. This requires examining a broad range of outcomes over time. Zito and colleagues [11] discussed the considerable limitations of current research methodologies for monitoring psychotropic drug safety. The authors pointed out that the use of pharmacoepidemiologic methods may yield a better comprehension of the relationships between pharmacologic treatments and the onset of behavioral adverse events [11] . Randomized controlled studies should include follow-up phases as a necessary extension of a trial. If a combination of pharmacotherapy and psychotherapy is planned in a treatment arm, the testing of psychotherapy with a pharmacologic placebo appears to be necessary in another treatment arm. Identifying subgroups at particular risk of developing iatrogenic comorbidity should also be considered [12] . Another potential area of exploration involves duration of treatment according to stages of illness [28] . According to the model outlined by DiMascio and Shader [6] [7] [8] , it is conceivable, and yet to be tested, that antidepressant drugs may be very helpful in acute situations, but their disadvantages outweigh their potential benefits in post-acute phases. In the meantime, the concept of iatrogenic comorbidity has heuristic value in weighing potential benefits and risks concerned with treatment choices in children and adolescents. It may apply to any type of psychotropic drug treatment and may refer also to medical adverse effects (e.g., metabolic syndrome after antipsychotic drugs) and potentially to any field of pediatric medicine. For example, evidence from a systematic review of literature showed that subjects aged from 5 to 17 years were more likely than adults to develop weight gain when treated with the second-generation neuroleptic risperidone [29] . Nonpsychiatric drugs may cause behavioral toxicity as well [30, 31] . Indeed, in general pediatric populations, the concept of iatrogenic comorbidity may be extended to any medical problem that persists after discontinuation of a specific treatment and was not present at the onset of disease.
